A tetrameric hetero-octanuclear cyclic helicate formed from a bridging ligand with two inequivalent binding sites3 
Self-assembly is a regularly exploited method in coordination chemistry to combine large numbers of components in one edifice.
1 This is illustrated particularly well in the formation of coordination cages or capsules from labile metal ions and simple bridging ligands, with (for example) Fujita's 'nanosphere' forming from 72 component parts, i.e. 24 metal ions and 48 ditopic bridging ligands. 2 An example from our own group is a series of M 16 L 24 cages which contain forty components in a single assembly, 3 and many other groups have reported self-assembled molecular species of comparable complexity. 4 An important characteristic of most such assemblies is that, despite their structural complexity and the large number of component parts that assemble, they often contain only two types of component with all metal ions being the same and all ligands being the same. This inevitably limits the functional behaviour that can be built into the assemblies. We can imagine that a greater range of functional behaviour could be achieved if the component parts themselves have some useful function such as redox activity or magnetism for metal ions, or conformational switchability or luminescent excited states for ligands. Accordingly it is of value to investigate self-assembled systems containing three or more types of component part, as a way of increasing the possibilities for functional behaviour in self-assembled complexes. 1a There are many ways in which self-assembly of .2 different types of component can be achieved using orthogonal interactions to avoid unwanted combinations of subcomponents. 1a In We report here the preparation of a new bridging ligand which combines 'hard' catecholate and 'soft' pyrazolyl-pyridine termini connected to an aromatic spacer. This opens up new possibilities to prepare heterometallic assemblies based on two types of metal ion with differing affinities for the two types of terminus, and as a first example we present the example of an unusual heterometallic cyclic helicate which is a cyclic tetramer of dinuclear double helicate subunits.
The new ligand H 2 L is shown in Scheme 1 along with a disconnection into component parts which forms the basis of the synthetic strategy. The catechol terminus is connected to the aromatic spacer via an amide linkage formed between an aromatic amine and an acyl chloride; the pyrazolyl-pyridine unit is connected via reaction of the deprotonated pyrazole unit with a -CH 2 Br group on the central spacer. The full synthesis is shown in Scheme 2 and starts from 3-amino-benzyl alcohol. Boc protection of the amine group allows the alcohol to be converted to a -CH 2 Br group, to which the pyrazolyl-pyridine unit is connected to give 3. Removal of the Boc group liberates the amine which condenses with the acyl chloride group of 5 to attach the dimethoxybenzene group to the central spacer (6) ; the final step is removal of the methyl groups with BBr 3 to liberate the catechol of H 2 L. All new compounds were fully characterised by standard methods (see
-DMSO confirmed its structure; an expansion of the aromatic region (with assignments) is in ESI.3 The ES mass spectrum showed a molecular ion at m/z 387 (M + H) + . Crystals of H 2 L (as its hydrobromide salt) were grown by diffusion of diethyl ether vapour into a solution in MeOH/CHCl 3 and the crystal structure is shown in Fig. 1 . There is one complete ligand (and one HBr) in the asymmetric unit. The catechol oxygen atoms are arranged syn to the amide carbonyl, as this allows the formation of a 6-membered hydrogen-bonded ring with a catechol O-H bonded to the carbonyl oxygen O(43). Raymond and co-workers have reported this effect with their catecholamide ligands. 15 The crystal structure also reveals that the bromide anion forms a variety of close contacts with protonated ligand molecules (numerous H … Br contacts of ca. 2.9-3 Å involving CH and NH bonds), with one interaction being notably shorter than the others: this is an N combined in a 3 : 1 : 1 ratio in MeOH with a few drops of Et 3 N. § Stirring at room temperature quickly afforded an orange precipitate which was filtered off and washed with MeOH and ether. Crystallisation by diffusion of MeOH vapour into a dmf solution of the complex afforded X-ray quality orange plates; the resulting structure is shown in Fig. 3 skeleton and the methoxide bridges that hold the four double helicates together.
Once formed, the crystals are highly insoluble and can only be redissolved in a strongly competitive solvent like DMSO; ES mass spectra on the resultant solutions showed, unsurprisingly, only fragments with no evidence for the intact complex under those conditions.
Cyclic helicate structures in general are now well known 16 but this example is unprecedented for two reasons. Firstly, a one-pot self-assembly reaction results in formation of a cyclic heteronuclear array in which Zn(II) and Ti(IV) ions alternate around the circumference due to the presence of two quite different binding sites in the non-symmetrical ligand; this contrasts with the usual situation in cyclic helicates in which all metal ions are the same. Whilst we are not aware of any other heterometallic cyclic helicates, we note that Rice et al. recently reported a threecomponent cyclic helicate from a single reaction which contains Cu(II) ions and two types of bridging ligand. 17 In addition, this cyclic structure is unusual in being formed from four distinct dinuclear double helicates connected by methoxide bridges, rather than the more usual type of structure in which ditopic or tritopic bridging ligands overlap in a continuous sequence around the periphery of the complex. 16 Using the same methodology as employed for H 2 L we can readily synthesise a wide range of heterotopic catecholate/pyrazolyl-pyridine bridging ligands as a basis for self-assembled heterometallic arrays. We thank the EPSRC for financial support, and Dr Andrew Stephenson for assistance with the crystallography. Data collections were performed by the EPSRC National Crystallography Service at the University of Southampton. 18 Data were corrected for absorption using empirical methods (SADABS) 19 based upon symmetryequivalent reflections combined with measurements at different azimuthal angles. The structures were solved and refined using the SHELX suite of programs. 20 In the structure of [Ti 4 Zn 4 L 8 (m-OMe) 8 ]?4MeOH?4dmf, in addition to the solvent molecules that could be located and refined, large void volumes contained diffuse electron density that could not satisfactorily be modeled arising from severely disordered solvent molecules. This electron density was removed from the refinement using the 'SQUEEZE' function in PLATON; 21 details are in the CIF. The values for molecular formula, formula weight, density, F(000) and so on given above do not include the contribution from these disordered solvents and are therefore necessarily approximations. These crystals diffracted weakly and required numerous restraints and constraints to achieve a stable refinement. In particular all ligand aromatic rings were constrained to be planar; restraints were applied to bond distances and thermal displacement parameters of adjacent atoms to keep them similar; and restraints were applied to bond distances of the solvent molecules to keep the geometries reasonable. 
